With partially purified enzyme preparationa
With partially purified enzyme preparationa from two aerobic bacteria isolated from soil, evidence has been found for a metabolic scheme similar to that observed in the anaerobic organhm, 2. orotieum. One dserence noted is that in the aerobic bacteria TPN rather than DPN ia the coenzymg for the reductive step.
MATERIALS AND METHODS
The organisms used in this study were isolated by enrichment culture ,from soil. Approximately 5 g of top soil were suspended in 26 ml of a medium consisting of MgC12, 0.001 per cent; I(HtPo4, 0.25 per cent; K&P04, 0.54 per cent; and orotic acid, 0.2 per cent (previously djusted to pH 7.0 with NaOH). Pure culturea were isolated from the liquid medium by repeated subculturing on a solid medium of the same composition (1.5 per cent agar).
Several daerent bacteria capable of metaboliking orotic acid were found. The two organisms studied are considered to be members of the genua Coryebacterium on the basis of the following characteristics: gram positive or gram variable, nonacid-fast, pleomorphic rods, nonsporeforming, nonmotile, metachromatic granulation, aerobic. They will be referred to as corynebacterium I and corynebacterium 11. Corynebacterium per cent of the orotate (estimated spectrophotometrically) had been utilized (10-20 hours). The yield was 2-3 g of packed wet cella per liter of culture.
Cultures of corynebacterium I1 were prepared as described for corynebacterium I except that the medium included no yeast extract, contained orotic acid, 0.4 per cent, and, in order to prevent a lengthy lag period, larger inocula were used Cell-freeextractsof corynebacterium I wereprepared by resuspending the cells in water (10 ml per liter of original culture, 2 C) and exposing 60 to 75 ml aliquota to sonic oscillation (Raytheon 10 kc sonic oscillator) for 25 minutes. Insoluble material was removed by centrifugation (cu 20,OOO X G). The extracts were stable for wveral months at -13 C.
Extracts of corynebacterium I1 were prepared by grinding with alumina (Alcoa 301, 2 g per g of wet cells) (McIlwain, 1948) and extracting twice with potsssium phosphate b d e r (0.02 M, pH 7.0, 2.5 ml per g of wet cella). The extracts were combined, and insoluble material waa removed by centrifugation (cu 20,OOO x G). These extracts were also stable for several months a t Glucose dehydrogenase was prepared from calf liver by the method of Strecker and Korkea (1952) . DPN was prepared by the method of Komberg and Pricer (1953) and TPN by the method of Kornberg and Horecker (1953) . 2-CI4-Orotic acid was syntheaized from C14-potsSsiwn cyanate and Dmspartic acid according to the method of Nyc and Mitchell (1947) : Nonisotopic orotic acid was a commercial preparation from Dougherty Chemicals. ~~5-Carboxymethylhydantoin was prepared from Dcureidmccinic acid by treatment with strong acid, aa described by Nyc and Mitchell (1947) . Isocitric dehydrogenase waa obtained by extraction of pig heart acetone powder (Ochoa, 1945) .
The enzymatic removal of orotate was eatimated in the Beckman DU spectrophotometer by the decrease in optical density. A unit of enzyme was defined as the activity producing a decrease in optical density of 0.100 in 4 minutes at 290 mp (corynebacterium I), or in 10 minu-at 280 mp corynebacterium 11). TPNH, which waa required for orotate utilization by the enzyme preparations, was generated either by the addition of 4 Often the packed cells were resuspended in a sodium orotate solution (0.2 per cent, 20 ml per g of wet cells) and incubated with shaking (50 minutes, 30 C) prior to the preparation of the cellfree extract. More active extracts appeared to be obtained when this step was included in the procedure. ' We are indebted to S. R. Kornberg for the synthesis of this compound. The products of orotate metabolism were separated by ionexchange chromatography aa previously described (Lieberman and Kornberg, 1954 CL4 containing compounds were plated in a thin layer on aluminum discs and measured in a gas flow counter.
RESULT8
Pu+ification of enzymes. All steps were carried out a t 0-2 C. The purzcation procedure with cell-free extracts of corynebacterium I was m follows: to 5.0 ml of cell-free extract (39.5 units, specific activity 0.61) 1.25 ml of a 1 per cent solution of protamine sulfate (Eli m y ) were added with stirring. After 5 minutes the precipitate was removed by centrifugation (ca 16,000 X G). The supernatant solution (42.0 units, specific activity 0.95) was treated with 2.5 ml of calcium phosphate gel (16.5 mg solids per ml)) with occasional stirring for 5 minutes. The supernatant fluid was collected by centrifugation (ea 16,000 x G) and treated again with 5.0 ml of calcium phosphate gel. The mixture waa centrifuged and the supernatant fluid represented the final fraction (25.0 unite, specific activity 2.2). Because of the instability of this fraction, it waa prepared fre& for use from the cell-free extract.
The purification of cell-free extracts of corynebacterium I1 was aa follows: to 10.0 ml of cellfree extract (67.0 units, specific activity 2. 
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sentially no orotate removal was observed with this preparation and isocitric dehydrogenase in the absence of added isocitrate. DPNEI either failed to replace the TPNH requirement with the enzyme preparations from both organism or was leas than 5 per cent as active as TPNH.
Isohtion and identijication of reaction products. The requirement for reduced TPN suggested that the first step in the metaboliim of orotate is its reduction to dihydroorotate. To teat thia possibility a reaction mixture was prepared containing in 3.0 ml, 100 j t~ of potassium phosphate buf€er of glucose, 250 unita of glucose dehydrogenase, 2.6 PM of 2-Ci4-~rotste (7.1 x los cpm), and 15 units of the enzyme preparation from corynebacterium I (specific activity 1.0). Incubation was carried out for 150 minutes at 34 C. The reaction was stopped by heating in a boiling water bath for 2 minutes. Insoluble material was removed by centrifugation, and the supernatant solution, adjusted to pH 7.0, was subjected to chromatography on a column of Dowex-1-formate, 10 per cent cross-linked (1 cm diam, 7 cm high). Elution was carried out as previously described (Lieberman and Komberg, 1954) t Estimated by radioactivity measurements.
The enzymatic products tentatively identified as dihydroorotic acid were isolated by ion exchange chromatography (see Results).
The dihydroorotic dehydrogenase reaction mixtures contained in 3.0 ml, 0.1 ml of potassium phosphate buffer (1 ILL, pH 6.l), 0.05 ml of MgClt (0.3 M), 0.026 ml of DPN (0.001 M), and 20 units of dihydroorotic dehydrogenase (2. oroticum, specific activity 26.5). w cn 0.13 0.12 0.13 0.11 presumably dihydroorotic acid, was eluted aa a discrete band between 11.5 and 16 resin-bed volumes of eluent. A second radioactive band (3 x lo6 cpm) was eluted in an area (25-35 resin-bed volumes of eluent) sugge&ing its identity with ureidosuccinic acid.
Each radioactive product was psssed through "Dowex 50", hydrogenion form (win-bedvolume of 9.4 ml), to remove the sodium ions. Water and formic acid were removed under reduced preasure (water bath temperature of 40-45 C). The residues were dried over KOH in a vacuum desic-
cator.
The first compound eluted from the column waa identified as dihydroorotic acid by its enzymatic oxidation to orotic acid with dihydroorotic dehydrogenase (Lieberman and Komberg, 19533) (table 2) . Codmation of the identity of the second compound as ureidosuccinic acid waa obtained by its conversion to 5-carboxymethylhydantoin (Nyc and Mitchell, 1947) , identified by its properties on ion exchange chromatography (table 3) . 5-Carboxymethylhydantoin. An aliquot of the enzymatic product (9.8 X lo4 cpm) suspected of being ureidosuccinic acid was heated with strong acid as described by Nyc and Mitchell (1947) . After neutralization, it was mixed with 53.5 p~ of synthetic, unlabeled 5-carboxymethylhydantoin, and the mixture was chromatographed on a column of Dowex 1, formate (diameter 1 cm; height 2 cm). The eluting fluid was 0.035 N HCl. Four ml fractions were collected, and 5-carboxymethylhydantoin, which was eluted between 15 and 35 resin-bed volumes of eluent, was estimated spectrophotometrically (E = 4,800 at x235 in N NaOH) and by radioactivity measurements. 
DISCU88ION
The metabolism of the pyrimidine orotic acid in the strictly aerobic bacteria studied here appeam to involve the same pathway as waa previously demonstrated with the obligate anaerobe 2. oroticum. This is particularly noteworthy since the first step in the metabolic pathway, the conversion of orotic acid to dihydroorotic acid, is a reductive rather than an oxidative reaction.
The accumulation of ureidosuccinic acid by enzyme preparations from the aerobic organisms suggests that they also catalyze the hydrolysis of dihydroorotic acid, and that this hydrolysis represents the second step in the breakdown of hydantoin (equation l), a reaction now recognized to represent a spur from the main pathway of orotic acid metabolism (Lieberman and Kornberg, 1954) .
The psrtially purified ansyme preparations from the two corynebactaria etudied were unable to degrade orotic wid beyond ureidosuccinic acid, as indicated by the complete recovery of carbon 2 of orotic acid in d i h y b r o t i c and ureidoeuccinic acids. On the other hand, with the unfractionated extract from one of theee organism~ (corynekterium I), large amounts of CWO, were evolved from 2-C%rotic acid. It seems likely that the immediate source of the CWt waa ureidosuccinic acid, the further metabolism of which by the 2. aotinnn system haa been shown to yield aspartic acid, COS, and NH, (equation (1)) (Lieberman and Kornberg, i n preparation).
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8UMMARY
Two corynebacterium straim capable of metabolizing orotic acid were isolated from soil by enrichment culture.
With partially purified enzyme preparations obtained from these aerobic bacteria, evidence haa been provided for a pathway of orotate metabolism essentially the same as that previously deecribed for an obligate anaerobe from soil, (Lieberman and Kornberg, 1954) . The basb for this lack of agreement is not apparent. Another point of ditrerence between the aerobic and anaerobic system was the apparent absence in the former of an enzyme catalyzing the conversion of ureidosuccinic acid to 5-carboxymethyl- aspartate + NK + COX
